Fretted terrain is but one of a variety of lowland terrains on the Martian surface that, like members of an isomorphous series, have some characteristics in common and are shaped by some of the same genetic processes. These terrains are artificially separated to facilitate handling (Table 1) . At one extremity are the south polar pits described elsewhere [Sharp, 1973] ; at the other are the huge equatorial troughs.
Fretted terrain is but one of a variety of lowland terrains on the Martian surface that, like members of an isomorphous series, have some characteristics in common and are shaped by some of the same genetic processes. These terrains are artificially separated to facilitate handling (Table 1) . At one extremity are the south polar pits described elsewhere [Sharp, 1973] ; at the other are the huge equatorial troughs.
Fretted terrain is characterized by smooth, flat, lowland areas separated from a cratered upland by abrupt escarpments of complex planimetric configuration and a maximum estimated height approaching 1-2 km (Figure 1) . It is the product of some unusual erosive or Exhumed, rough-floored, lowland areas of highly irregular planimetric outline produced by integration of pits developed in sedimentary blankets.
Smooth-floored lowland bounded by abrupt escarpments of uniform height and highly irregular planimetric configuration; tributary flat-floored chasms, developed into an old cratered surface 1 to 2 km higher.
A complex of elongate U-shaped hollows, an estimated 2 to 5 km deep, strongly controlled by interesting sets of linear fractures. Like fretted terrain, chaotic terrain occupies lowland settings within an older, cratered upland surface. It has clearly developed at the expense of this cratered upland, and its relatively youthful age is further demonstrated by a paucity of recognizable craters. This is a preliminary report on the nature and possible genesis of these two terrain types. More will undoubtedly be written about them as the Mariner 9 pictures and data are more thoroughly analyzed.
Jumbled chaos of slump and collapse blocks in low-

GEOGRAPHIC RELATIONSHIPS
Fretted terrain is recognized principally in five separate areas within the northern hemisphere, with only a minor extension south of the equator. Other areas of fretted terrain may exist, but they Chaotic terrain is geographically associated on the west with the huge equatorial troughs and on the east and north with fretted terrain. It is, perhaps, genetically related to both, but in setting and characteristics it is more closely allied to fretted terrain into which it grades in many places (Figure 3 Chaotic terrain is also judged to be youthful on essentially the same bases. However, the seeming paucity of craters, even of the small bowl-shaped variety, within areas of chaotic terrain may be due in part to the difficulty of recognizing such features within the chaos of jumbled blocks. Furthermore, craters could be rather quickly obscured on the steep sides of the blocks. Associated areas of fretted and chaotic terrain, of which there are a number, cannot be too different in age, and the generally sharp outlines of their features strongly suggest relative youth.
GENESIS OF FRETTED AND CHAOTIC TERRAINS
The following statements on genesis are necessarily highly speculative. The development of fretted terrain is thought to be initiated by some structural or topographic break in the old cratered Martian surface. On earth ground ice exists within the interstices of frozen crustal materials and as segregated bodies in the form of layers, lenses, and dikes. It is the deterioration of these segregated bodies that causes differential sinking and collapse of the land surface. We have no way of knowing whether ground ice on Mars would occur in segregated bodies or not, but the speculation that it does is permissible. The recessional process would soon come to a halt, if the debris shed by the escarpment were not removed. Under current conditions, wind is generally regarded as a likely agent of debris removal. For wind to be effective in any significant degree, all the rock detritus must be relatively fine grained. If that is not the initial condition of the detritus shed from the escarpments, then it must be reduced to that state by weathering. On Mars this is not an easy task; thermal fracturing seems an inadequate mechanism [Ryan, 1962] for particle reduction, but perhaps it should not be wholly ignored; M. C. Malin (work in preparation) is evaluating the matter of salt weathering.
The alternative possibility that the undermining is effected by groundwater, as urged by Milton [1973] , has the virtue that the water, if plentiful enough, could carry the resulting debris northward into the lower area of relatively featureless plain lying north of fretted terrain. The problem involved in postulating groundwater action and fluvial transport is the requirement of a wholly different climatic and atmospheric environment on Mars that would permit the existence of liquid water on the Martian surface. Such conditions would have had to exist for a considerable time; judging by the amount of debris that was removed to create the extensive area of fretted terrain and the probability that the process worked slowly, it was not a catastrophic procedure. If it is of fluvial origin, fretted terrain is fossil, and the implication of major and enduring climatic change is highly significant.
Why fretted terrain is not more widely developed on the Martian surface is a moot question. It may be that proximity to the large-scale volcanism of the northern hemisphere has been a factor in terms of larger than normal quantities of degassed volatiles to form ground ice or groundwater and in deformation of the surface to initiate receding scarps. The low-lying plain area farther north may also be a consideration.
Another hypothesis, perhaps worthy of consideration, is that frozen ground and significant quantities of ground ice developed under these now fretted parts of the Martian surface to a depth of 10 km rather than I or 2 km. If 10% of this frozen mass were in the form of segregated ice bodies that distended the ground, then a 10% Another troubling problem is the depth of freezing required unless the ice were concentrated in a single layer just below the surface. If Martian frozen ground is postulated to have a generous 20% segregated ice content, freezing to a depth of 10 km would be required to yield 2 km of subsidence upon deterioration of the ground ice. This may not be an impossible depth, but it strains the limit of seemingly reasonable assumptions.
Even though the creation of large areas of chaotic terrain, inset 2-3 km below the upland, solely through ground ice deterioration may be questioned on quantitative grounds, ground ice may still have played a significant role in the recession of bounding escarpments, in the development of wall side slump blocks, and in the further breakup of the chaotic blocks created by collapse. There are also areas of chaotic terrain that do not look as though they had experienced much subsidence, perhaps just enough to initiate cracks that were then widened into chasms by ground ice deterioration (Figure 3) . The thought that small scattered patches of chaotic terrain (Figure 6b ) might be created by the local destruction of ground ice is also appealing.
Another argument has been advanced by McCauley et al. [1972] regarding the possible role of ground ice in chaotic terrain formation. In places, large, seemingly scoured channels emerge full-born from areas of chaotic terrain. These authors suggested that the channels were occupied by huge floods of water, resulting from melting of ground ice, which burst forth on the Martian surface like a Spokane-type flood [Bretz, 1969] . The vacated areas presumably collapsed into chaotic terrain.
If deterioration of ground ice is not the only or even the principal cause of chaotic terrain, the subsurface movement of magma in association with volcanism seems the other most likely agent. This thought is supported by the general proximity of the principal areas of chaotic terrain to the major recent volcanic fields in the northern hemisphere of Mars. It may be that volcanic subsidence owing to withdrawal of magma has initiated the development of chaotic terrain, which was then furthered by ground ice deterioration.
